The ability to reproduce ecological or climate change experiments or quantitative results is a hallmark of science, but not the only one. In addition, a scientist who subsequently examines original research must be able to reproduce the interpretation of the observations. Confidence in both ecology and climate science research is undermined when an a priori interpretation cannot be confirmed. This will happen when an a priori (before investigation) assumption was introduced by the original author(s), even inadvertently, regarding the nature of the universe or a subset of it. Such an assumption is here termed an ontological assumption when it then is treated as invariant; that is, it is not changed as unsupportive evidence, whether positive or negative, is accumulated. It thus conditions the interpretation of observed scientific phenomena. The results of the scientific investigation are therefore interpreted within the framework of this assumption, even though this framework is at variance with actual results obtained.
interpretation because they involve ontological decisions that are unrecognized. The adoption of quantitative techniques greatly aids in questioning those assumptions.
Ontology is the branch of metaphysics that deals with the nature of being. The term "ontology" refers in philosophy to the manner in which an individual characterises observed phenomena (Libarkin and Kurdziel 2006) . Sowa (2010) notes that ontology is a stable pattern of invariant signs that is fossilized in formal theories and does not develop further as each individual interacts with the world and other creatures in it. To adopt an ontological position is to adopt a perspective regarding the nature of the universe and to devise one's interpretations from within that perspective.
An ontological decision is made when a person makes an a prioi (before investigation) decision about the nature of the universe or some subset of it. For example, some communities believe that the Earth and universe were created together only a few thousand years ago, while others believe that the Earth formed over 4 billion years ago (Evans 2001) . Those working in macrosociology make the ontological assumption that society is either in balance and functions for the good of all (the functionalist perspective) or that it is rife with class conflict between those who buy and those who sell their labour (the Marxian conflict perspective) (Mooney et al. 2012) . Once an ontological decision has been made, the person who has made it then proceeds to interpret the information regarding his/her surroundings, as provided by the senses, within the framework of that decision. All human beings organise their lives and interpretations around ontological assumptions. Some of these are scientifically warranted, as in the macro-sociologists' adoption of contrary perspectives. Others, such as the belief in an Earth only a few thousand years old, are not supported by science. The belief in an ancient Earth is a somewhat flexible assumption as geologists have adjusted their understanding of the solar system's age as evidence has accumulated. Here we are concerned with ontological assumptions that were adopted by paleoclimatic scientists but were not altered as evidence to the contrary was gathered.
Ontological decisions and the use of paleontological data for decision making in the recent and beyond
In recent years paleoecology has become a powerful resource for ecologists and conservationists, the fossil record containing unique insights into how ecosystems function that cannot be determined by examining solely modern systems. The fossil record, for example, can provide a 'deep time' perspective on the response of communities to climate change.
Here we consider results from impact studies of paleoclimatic change on biotic communities used as a basis for neoclimatic and ecological research and prediction, and show that results are not in accord with interpretations. First we consider the world during an icehouse state and examine glacial/interglacial transformations in the sedimentary, lithological and biotic fossil record as indicators of recent ecological changes with recent climate change. Then we examine as an exemplar the ontologically predicted relationship between climate, diversity and lithology in a greenhouse world, Lower Eocene section. Our objective is to instil a cautionary note for parallels with recent events into the uncritical use of paloecological results based upon inherent ontological assumptions (Haynes 1981 , Murray 2006 ) and ostracodes are microscopic, bivalved crustaceans (Horne et al. 2013) , both of which are useful in assessing ancient (e.g. Smart 2003 ) and modern (e.g. Schönfeld et al. 2012 ) environmental and climate changes.
Some authors have with apparent success sought to distinguish glacial and interglacial assemblages of foraminifera or ostracodes. Phleger et al. (1953) noted the presence in North Atlantic piston cores of ''layers of [foraminiferal] faunas normal for their latitude alternating with faunas typical of a higher latitude.' ' Streeter (1973) found that Atlantic benthonic foraminifera at depths >2500 m varied greatly over the last 150 ka. He suggested that this arose because of depression and elevation of faunas through a depth range of several hundred meters between glacials and interglacials.
However, paleontological research has not been completely successful in distinguishing glacial and interglacial assemblages (Roy et al., 1996) . For example, although Streeter and Lavery (1982) recorded that uppermost Pleistocene foraminiferal faunas in cores from the western North Atlantic slope and rise were dominated by Uvigerina, but that Hoeglundina dominated in the Holocene, they further suggested that this faunal transition was diachronous, occurring at ~12 ka at 3,000 m, but at ~8 ka at 4,000 m. Thus, one cannot (a) characterise either assemblage as being definitely glacial or interglacial in origin and/or (b) use the change in the fauna to correlate the sedimentary successions at different paleodepths.
Other studies, although they have made an ontological decision that there must have been glacial-interglacial regime shifts (i.e., fluctuations between steady ecological states that are not readily reversible (Genkai-Kato 2007)), have presented unconvincing evidence of distinct glacial and interglacial communities. Aksu et al. (1992) found glacial-interglacial, community-level regime shifts in coccoliths and dinoflagellates in the NE Labrador Sea but less persuasive evidence of regime shifts among planktonic foraminiferal assemblages, which were dominated by the polar-water indicator Neogloboquadrina pachyderma (Ehrenberg) with sinistral coiling. The authors wrote that N. pachyderma sinistral dominated most interglacial faunas before 0.5 Ma, which were therefore assumed to be ''similar to those found in the glacial stages. '' Didie and Bauch (2000) suggested that the ostracode fauna in the upper Pleistocene of Rockall Plateau, North Atlantic, fluctuated between a "mainly" interglacial Henryhowella-Pelecocythere-Echinocythereis-CytherellaBradleya-Aversovalva-Eucytherura assemblage and a glacial AcetabulastomaRhombobythere-Bythoceratina-Polycope-Pseudocythere assemblage that they wrote ''appears'' to be restricted to peak glacial periods. Hunt et al. (2005) made the ontological assumption that there should be glacial-interglacial contrasts in benthonic foraminiferal species richness (S) across glacialinterglacial cycles over the past 130 kyr in the deep-sea throughout the Atlantic and Pacific Oceans. However, they found statistically significant (p < 0.05) correlations between oxygen isotope-derived temperatures and S in only four of ten cores. Martinez et al. (2007) suggested that in western Caribbean Sea, Middle-Upper Quaternary planktonic foraminifera in the Sea, diversity measured using the information function H = -Σp i ·ln(p i ), where p i is the proportional abundance of the ith species] was during glacials depressed by the development of a deep thermocline. However, their data show that H did not differ between the interglacial marine isotope stage (MIS) 11 and MIS 12, and was lower during the interglacial MIS 13 than in the adjacent glacials MIS 12 and MIS 14.
Some authors, seemingly having consciously avoided making an a priori assumption that there must have been distinct glacial and interglacial assemblages in all environments, have avoided stressing glacial-interglacial patterns and so found unexpected if subtle patterns (Roy et al., 1996) . For example, Sen Gupta et al. (1982) examined Late Quaternary benthonic foraminifera in three cores taken near 2000 m from the eastern Caribbean Sea. They found that the assemblage changed only subtly at glacial-interglacial boundaries based on Globorotalia menardii (d'Orbigny, 1826) (for details, see Ericson and Wollin 1956, 1968; Martin et al. 1990 ). While not finding distinct glacial and interglacial communities, Sen Gupta et al. (1982) instead recorded some species-level contrasts, noting that Nuttallides umbonifera (Cushman, 1933) , Bulimina buchiana Carpenter, Parker, and Jones, 1862 and Chilostomella oolina Schwager, 1878 were more common the last two glacials that in interglacials. Wilson (2012) used SHE analysis (Hayek and Buzas 1997) for the identification of abundance biozones (SHEBI -Buzas and Hayek 1998) when examining planktonic foraminiferal associations in three piston cores from the northeastern Caribbean Sea, and found that there was no relationship between abundance biozones and those glacial-interglacial boundaries based on Globorotalia menardii. The succession of abundance biozones differed between the three cores, although taken only ~150 km apart and from similar water depths, indicating that the region is one of considerable oceanographic complexity. This is reflected in the distinct benthonic foraminiferal associations found in these cores (Wilson 2011) , which, once again, do not show any marked glacial-interglacial contrasts (Wilson 2008) but show that the organic flux in the northeast Caribbean Sea decreased gradually through the Late Quaternary. Wilson (2013) recorded a major regime shift during MIS 8-9 in the Upper Quaternary of ODP Hole 1006A (Santaren Channel, offshore western Bahamas), but otherwise found only weak evidence of Milankovich cycles, Globocassidulina subglobosa (Brady, 1881) and Cibicidoides aff. C. io (Cushman, 1931) being smaller assemblage components during some glacial MISs. However, the percentages of these species were not significantly correlated with one another. Wilson (2014) , following an examination of benthonic foraminifera in the abyssal ODP Hole 994C (Blake Ridge, western Atlantic Ocean) using SHEBI, concluded that "community restructuring had no significant relationship to paleoclimatic events, including glacial cycles and terminations." Hayek and Wilson (2013) developed a simple statistical measure, the assemblage turnover index (ATI), and showed that ATI in ODP Hole 994C peaked primarily during the transgressions associated with Pleistocene glacial terminations. They concluded that "the current inability to detect glacialinterglacial contrasts in general appears to arise because not all sites show marked changes in community composition at the species level at glacialinterglacial boundaries." This is apparently because the onset of glacial conditions is a protracted process while deglaciation occurs rapidly (see Berger 2008, Figure 1 ). The slow onset induces only low levels of assemblage turnover in abyssal foraminiferal assemblages, while the rapid warming and influx of freshwater during deglaciation provoke a major and rapid restructuring of the community. In addition, Hayek and Wilson (2013, Table 3) showed that the species affected by the turnover differed between the peaks in ATI, such that one would not expect to find identical faunas in all glacials or all interglacials. This implies that glacial and interglacial conditions act as attractors comparable to a butterfly-shaped representation of the Lorenz attractor of Chaos Theory (Figure 1) , in which minor differences in the initial conditions of any two or more systems (such as at, say, the onset of glacials or interglacials) prevent the perfect convergence of those systems onto a point representing a single state (Schaffer 1985 , Holden and Muhamad 1986 , Chang 2013 . Thus, the details of the abyssal foraminiferal assemblage in one glacial cannot be predicted from those of the assemblage in the preceding glacial. This shows that the precise development of the modern assemblage cannot be modelled using the Pleistocene record, which can only be used to suggest general trends.
Ontological decisions and interpretations of the impact of Early Eocene climate change
Here we present a second example of the interface between paleoecology and ecology. This one is from the greenhouse world of the Early Eocene and is for comparative use with present day climate changes under the global warming documented to have occurred over recent past centuries.
Recent years have seen increased interest in Early Eocene paleoclimates (Kaiho 1991 , Katz and Miller 1991 , Thomas 1992 , Kaiho 1994 , Thomas and Shackleton 1996 , Lourens et al. 2005 , Higgins and Schrag 2006 , Miller et al. 2008 , D'haenens et al. 2012 , Galeotti et al. 2012 . A major warming at the Palaeocene-Eocene boundary (the Paleocene-Eocene thermal maximum, PETM, about 55 myr) has been identified as being the single largest, well-documented warming event in the history of the Earth (Zachos et al. 2007 ). It was accompanied by a major carbon isotope excursion (CIE - Kennett and Stott 1991) and is thought to have had considerable biotic impacts (Sluijs et al. 2007 ). It is, however, only the most extreme of a series of such events during the Late Palaeocene and Early Eocene (Thomas and Zachos 2000) . Oxygen and carbon stable isotope records show quantitatively that during the PETM global temperature rose by >5-8°C in <10 kyr and remained high for some tens of thousands of years before gradually abating. Ocean acidification and carbonate dissolution during the PETM led to the deposition at bathyal and abyssal depths of condensed, clay rich Palaeocene-Eocene boundary sections (Thomas et al. 1999 , Takeda and Kaiho 2007 , Zachos et al. 2007 ). Similar clay-rich horizons of Early Eocene age have been ascribed to other hyperthermal events. Lourens et al. (2005) found a carbonate-poor, red clay (the Elmo horizon) in deep-sea cores from Walvis ridge, Antarctica, and estimated it to have been deposited ~ 2 million years after the PETM. The Elmo horizon being coincident with carbon isotope depletion events elsewhere, Lourens et al. (2005) suggested it to be a second global thermal maximum. It may thus be equivalent to the Eocene Thermal Maximum 2 (ETM2; ∼53.7 Ma) recorded by Stap et al. (2010) (2012) found five marl (calcareous claystone) beds within an otherwise chalky early Eocene section at DSDP Site 401 (Bay of Biscay -NE Atlantic), and labelled these α though ε (oldest to youngest). These clay-enriched levels they found to correspond to negative δ 13 C and δ 18 O bulk-rock excursions indicative of injections of 12 C-enriched greenhouse gasses and small rises in temperature. They did not, however, correlate these with any of events A-K of Cramer et al. (2003) .
Where sedimentological evidence is found, it has not always been noted to be reflected in the biota. Wing and Harrington (2001) examined pollen in a 900 m section of the terrestrial Fort Union and Willwood Formations in the Bighorn Basin (NE Wyoming) that spans the Upper Paleocene and Lower Eocene. They found that there were no last appearances of common taxa at the Paleocene/Eocene boundary, and concluded on this basis that the modest level of floral change coincident with the PETM contrasts with the marked coeval taxonomic turnover and ecological rearrangement of North American mammalian faunas. They suggested that the faunal change probably resulted from faunal migration across Arctic land bridges that became habitable during the PETM, but that climatically sensitive plants were unable to migrate across these bridges. Thus, primary cause of terrestrial biotic change across the Paleocene/Eocene boundary was in Wyoming the result of interactions between immigrant and native taxa, not climate change directly. They did not, however, examine in detail the changes in proportional abundances of common species across the Paleocene-Eocene boundary.
The PETM has been identified as causing a major extinction among bathyal and abyssal foraminifera (30-50% of species; see Thomas 1992) . Lourens et al. (2005) found that in the Elmo horizon benthonic foraminiferal species richness is low and assemblages are dominated by diminutive Nuttallides truempyi and Abyssamina spp. This contrasts with Wilson's (2014) finding that in the Upper Quaternary of ODP Hole 994C, benthonic foraminiferal diversity measured using the information function H was negatively correlated with palaeotemperature estimated from oxygen isotope ratios. This suggests that diversity may be depressed by stresses due to both hypothermal and hyperthermal events. Thus, those working on neoecology cannot yet make conclusive predictive statements concerning biotic change that will result solely from regarding impending events.
Using the assemblage turnover index (ATI) to sidestep ontology
To avoid the impact of ontological decisions on interpretations of the impact of palaeoclimate change on biotic assemblages, Hayek and Wilson (2013) introduced two statistical indices to assess assemblage turnover, the assemblage turnover index (ATI) and the Conditioned on Boundary Index (CoBI) (See Appendix 1). Their use makes the statistical analyses of vectors of proportional data objective. They are here applied to an exemplar of foraminifera, but can be applied to any variable for which a series of proportional data over time are available (e.g. oxygen isotopes in an ice core, carbon isotopes in a sedimentary rock succession).
D'haenens et al. (2012) made the ontological assumption that there must be changes in the foraminiferal fauna associated with the five Early Eocene marl beds in the chalky section at DSDP Site 401. They concluded that the foraminiferal record shows increased relative abundances of oligotrophic taxa (e.g. Nuttallides umbonifera) and a reduction in the abundance of buliminid species followed by an increase of opportunistic taxa (e.g. Globocassidulina subglobosa and Gyroidinoides spp.) coeval with several (but not all) of these lithological, presumably hyperthermal events. ATI shows that some marl levels (LATI-2 and LATI-4) coincided with low values of ATI s , but this was not true of all; ATI s was low at the base of LATI-6 but was higher within it, while LATI- The values for CoBI t are given in Table 1 . No species contributed >0.02 (i.e., >2%) to CoBI t across all PATI or LATI boundaries. Only six species (Bolivina crenulata Loetterle, 1937 , Bulimina virginiana Cushman, 1944 , Cibicidoides eocaenus (Guembel, 1868 , Globocassidulina subglobosa, Nuttallides umbonifera (Cushman, 1933) , Pseudoparrella minuta Olsson, 1960) contributed >0.1 to CoBI t across one or more PATI or LATI boundaries. Anomalinoides alazanensis (Nuttall, 1932) contributed >0.02 to eight of ten LATI boundaries, but to only one of seven PATI boundaries. This suggests that the proportional abundances of A. alazanensis, rather than N. umbonifera, buliminids, G. subglobosa and Gyroidinoides spp. can be used to distinguish marly from chalky LATIs. However, closer examination shows that A. alazanensis is also of limited use in distinguishing hyperthermal from nonhyperthermal communities; while a graph of the proportional abundance of A. alazanensis through D'haenens et al. 's (2012) section (Figure 3) shows that it was rarer in the marly LATIs 2 and 4 than in the bounding chalky LATIs 1, 3 and 5, also shows that it was as abundant in the marly LATI-6 as in the chalky LATI-7. There is, therefore, no constancy in foraminiferal assemblages in the marly horizons and any ontological decision that the factors governing the development of the marls, whether palaeoclimatic or otherwise, also impacted on the foraminifera to produce identical assemblages, is unwarranted.
Conclusion: Beyond Ontology
There is in science no theory-neutral interpretation. No matter what phenomenon we observe, we interpret it in terms of our previous experience. This can lead to making unwarranted ontological decisions, as was the case of glacial-interglacial contrasts envisaged by Aksu et al. (1992) , Didie and Bauch (2000) , Hunt et al. (2005) and Martinez et al. (2007) and the changes in fauna between Eocene chalks and marls envisaged by D'haenens et al. (2012) . This is especially misleading when either (a) an author conducts a quantitative and objective statistical analysis but interprets the results subjectively or selectively such as we showed with studies using statistical methods on Pleistocene data or (b) sees a change in one factor (e.g. palaeoclimate, lithology) and assumes that it must be reflected in another factor (e.g. faunal assemblage) as we showed in Eocene examples.Those undertaking analyses must be aware of their ontological decisions and must beware of letting them guide their interpretations. Those who seek to apply paleoecological results to neoecological work cannot as yet make conclusive or predictive statements based only upon the hypothesized similarity of biotic, lithologic or climactic past scenarios. The adoption of statistical methodology is not sufficient to provide evidence of unwarranted assumptions without knowledge of the underlying probabilistic structure while the use of objective analytical approaches such as ATI and CoBI can draw attention to many ontological decisions that authors may have adopted. 
